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^ (54) TWe: CAIALYCT SYST^S FOR FOLYCONDENSATION REACnONS 

fS| (^Abrfract: The invention concems new catalyst systems for the symfaeais of polyestga, fiarimtmige for the mflnTTfartnTT» nf po]y- 

ethylene tenqihthalalE and its ccpolyesters. The catalyst system acoonSng to the inventkm oomsists of an anlii mm y 
W componnd, a heteiogeneons catalyst conqwnent and an ester of phosphoric add or of phosfissuo u s acid as stabiKzeE. The polyoon- 
^ Sensation rate both in the Kqnid phase and in soUd phase polycondensalion(soKdst^ 
1^ smallest additions of the haterogeneomcomponenL 
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CATALYST SYSTEMS FOR POLYCONDENSAHON REACTIONS 

The inventioii ooncens new catalyst systems for Hie synthesis of polyesters, for 
instance the mamrfactnre of polyethylene tearephlhalate and its copolyesters. 

5 The synthesis of polyesters such as polyethylene terephthalate requires the use 

of catalysts in Ihe polycondensation steps (melt phase and possibly solid state). A number of 
patents can be found in the literature that describe the xise of catalytically active substances. 
Today, antimony and titanium compounds are used in particular in industry, in the 
mamrfhcture of polyethylene tCTephflialate. This is also redSected in flie numerous patents that 

1 0 describe the use of such compounds. Polyester-soluble antimony compounds are described as 
polycondensation catalysts in US patents 3,965,071, 3,998,793, 4,039,515, 4,116,942, 
4,133,800, 4,454,312, 5,750,635 and 5,780,575. Modified antimony derivatives (stabilized by 
substance vnih double bonds to prevent reduction to metallic antimony) are for insh^r^. ftiff 
subject of patents US 4,067,856, US 4,067,857 and US 4,130,552. Antimony salts of 

15 trimdUthic acid esters are also used as catalysts in the manufacture of polyethylene 

« u« »v> -/,T# o, /:^v^. 

A combination of sulfonic acid, titanate and antimony (or germanium) 
confounds is the object of US patent 5,905,136. US pat^ 536,836 and 5,714,570 
mention combinations of antimony and titanium conipounds as catalytically active. US patent 
20 6^72,879 must also be mentioned in this context The synea^isticefiEects of catalyst systerns 
described in this patent appear when complex titBnium/antimony/(oxalate) systems are used. 

Germanium conipounds have also been described as catalysts for the polycondensation 
reaction (US 5,378,796, US 5,830,981, US 5,837,786 and US 5,837,800 ). However, for 
economic reasons the use of these conqx>unds has not become wideqnead. 

25 The combination of several metal compounds is described in US 4,122,107 

(Sb/Zn(CaJ^); US 4,356;i99, US 4,501,878 and US 5,286,836 ( Ti/Sb); US 5,565,545 and 
US 5,644,019 (Sb/Ge ); US 5,608,032 and US 5,623,047 ( Sb/Co(Mg,Zn,MnJT) ); At least 
one component of these conq}lex catalysts is a classic** polycondensation catalyst, either 
antimony, titanium or germanium. In the most &vorable case» the activity of these systems 

30 lies in the range of activity of a pure antimony conq>ound 

Finely dispersed titanates are the object of US patent 5,656,716. 
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Jointly piecipitated titamum and 
zuconhim coQag)Ouiids are'described in US patents S,684»l 16 and 5,789,528. 

A polycondoisation catalyst based on zeolites (alkali or alkaline eartfa-modified 
alnmino-silicate) is protected by US patent 5,733,969. 

5 The object of patmt WO 01/42335 is the use of hydrotalcites as effective 

caMysts jGorpolycondensationxeadions* These conqKiunds exhibit a Mgher activity than for 
instance antimony compounds, particularly in ttie liquid phase (melt phase). 

The use of antimony conq)oundsis e9>ecially preferred, since tfie selectivity of 
Ae catalyzed polycondensadon reactions is highest and the reaction rate of the 
10 polycondensadon is a d eq u a t e. Ilieconteiit in undesunble degradation products, sudi as 
acetaldehy de, is lowest in die processed polyester, compared to titanium conqx>unds, for 
instance. 

However, the use of antimony con^unds such as antimony oxide, antimony 
achate or antimony glycolate as catalysts for polycondensadon reactions is permissible only 
1 5 within defined limits, since these substances are physiologically objectionable, as heavy metal . 
compounds. For this reason it is not possible to increase the reaction rate of the 
poly condensation reactions indefinitely by increasing the catalyst concentration. Another 
cause the ecoiiomicaUyimsatisfnctory reaction rate is the fiu^ 

reaction steps (melt phase and solid state) depends not only the ten^erature, but also very 
> 20 strongly on the diffusion of volatile reaction products, such as etiiy lene glycoL 

The invention is based on the task of developing a catalyst system fixr the 
synthesis of polyesters, in particular poly(ethylene terepbtlialate) and its copolyesters that at 
clearly increased catalytic activity^ does not affect or affects only mlnrnially the application^ 
related properties of the polyester, hiaddition^tiie use ofthese systems should be 
25 physiologically safe. 

It was very surprisingly found that using a combination of certain in part 
already known polycondensation catalysts, the reaction rates in the melt phase and m die solid 
state during the manufacture of polyedxylene terephtfaalate could be clearly inoreased, without 
negatively affecting the quality of the polyester. These new catalyst systems accoxdhig to the 
30 invention consist of: 
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a) a classdc polycondensadon catedyst of antimony, germanium or titanhmi conqxninds such 
as antimony acetate, antimony oxide, antimony glycolate, gennanium oxide or tetrabutyl 
titanate, 

b) a second, heterogeneous catalyst such as hydrotalcite or hydiotalcite-like conqpounds of 



[M(n), JW[(III).(OH)J^(A* ^ HA 

in vAdch M(JI) staiuls for divalent metals, in particular magnesium, zinc^ nickel, 
copper, 

ixonCO) or cobalt(II); MODQ) for trivalent metals, such as aluminum or iionCQI) and 

10 A for anions such as carbonates, borates or titanyl compounds, and 

c) astabilizer,piefoably an ester of phosphoric acid or phosphi^ 

It ^vas surprisingly found ftiat combinations of these catalysts exhibit 
synergistic efifects. The polycondensation rate in the liquid phase at t»iperatures of 250- 
300^C can be increased by 30- > lOOpercent wifli the smallest additions of the 
IS heterogeneous component (£^rox. 5-50 ppm). The situation is similar in solid phase 

polycondensation (solid state) at temperatures of 1 80-230°C. For additions of 5 - 50 ppm of 
tilie hetero ge neous component, only little catalytically active in the solid state, here too the 
reaction rate of this polycondensation reaction can be increased by up t^ . 

These new catalyst systems ate pre&cably used with Hoe follo^wing 

20 con4>osdtion: 

antimony or gemtianium compounds 50*1000 ppm , heterogeneous catalyst 1-100 ppm 
(depending on particle size) and esters of phosphoric or phosphorous adds, 5-500 ppm. The 
heterogeneoiis catalysts are preferably used with particle sizes betroen 50 nm and approx. 3 
^m. Systems with a ratio of homogeneoiis/heterogeaeous-acting catalyst of jBx)m 100:1 to 

25 1 :5, preferably of 80:1 to 5:1, are especially prefonned. 

The invmdon^mll be elucidated bdow by means of unplementation examples. 
The intrinsic viscosity (IV) of the synthesi Tad polyesters was detennined on an instrument of 
^ Schott conqKmy (AVSPro), on 250 mg polyester dissolved in 50 ml phenol / 
didilorobenzene (1:1). 
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Tbe acetaldehyde determinadan in the extruded pioducts used the following 

prooednre: 

ThePETmaterMwaspreoooledinUqmdnitrogOT The 
conuninutBd material vms immediately wdgihed into a headspace vial and sealed gas-tight 
5 witfaaseptum. After90m]nof1hemiostattingat ISO'^Cinlfaeheadspa^ 
of gas at aknown ptessure was injected onto the OC column. 

The foUowmg procedure was used to synthesize the polyesters: 

In a200 L- alloyed steel reactor were preplaced a suspension of 60.675 kg terephthaUc and 
1 .44 kg isophlfaalic acid in 31.6 kg ethylene glycol. While stirring, add to this reaction 
10 mixture 4e appropriate amount of antimony triacetate, 8,125 g cobalt acetate tetiahydrate in 
1000 g ethylene glycol and 34.65 g tetrameaiylammonium hydroxide in 500 g ethylene 
glycol. The sealed reactor was heated to The slow depressurization of the pressurized 

container began at 2.8 bar. After approx. 20 min, the heterogeneous catalyst in 500 g ethylene 
glycol and 4 g I^^fbs P-EPQ as glycolic solution were added, at normal pressure. 

1 5 Liquid phase polymerizatian was next started, by slovAy applying a vacuum. 

Afte«?sprox.60minthefinalvacuuniofq[5ffo^ ThecndofAe 
reaction was indicated by achieving a defined torque. 

The reaction vessel was dqiressurized with nitrogen and the reactor was 
eo^rtied into a water bath toough various nozzles, over a pOTod of approx. 6^ The 

20 product strands were granulated immediately. 

Table 1 shows an overview of tiie reaction limes of the liquid phase polycondensatiorL 



4 



wo 2004/014982 FCT/US2003/013132 

Tab. 1 ReactLon time and viscosity in liquid phase polyoondensation as a fimction of the 
catalyst systatn used 



B9q>erunentNo. 


Catalyst 
(ppm) 


heterogeneous 
catalyst 
(ppm) 


Reaction 
time 
(min) 


Viscosity 
number 
per DIN 

ISO 
1628/5 
(ml/g) 


intrinsic 
viscosity 

(di/g)^ 


1 

(Conq>atison 
example) 


Antimony 
acetate (640)^^ 


0 


185 


74.2 


0.643 


2 

(Implementation 
example) 


Antimony 
acetate (640)^^ 


Hydtotalcite Pural 
Mg61HT*>(50) 


90 


78.9 


0.68 


3 

(Implementation 
example!) 


Antimony 
acetate (640y> 


Hydrotaldte Pural 
Mg61HT(25) 


93 


77.9 


0.672 


4 

(Implem^xtatioQ 
exanqde) 


Antimany 
acetate (640y) 


Hydrotaldte Pural 
Mg61HT(10) 


95 


75.4 


0,661 


5 

Cbuplem^italion 

example) 


Antimony 
acetate (490)") 


Hydrotaldte Pural 
Mg61HT(50) 


90 


8o:z 


0.69 



5 conesponds to a concentration of q)prox. 260 ppm antimony in die polyester 
^ corresponds to a concentntdon of qyprox. 200 ppm antm 

in o-chloiophenol 
^^Trade name of the SASOL 

10 Table 1 dearly shows diat even die smallest additions of die heterogeneous component ate 
able to markedly increase die poly condensadon rate in die melt phase. 
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If the polyester is to be \ised to package foods, th^ &e poly condensation 
leaction in liquid phase is followed by a so-called solid-state polycondensadon. The purpose 
of this procedural step is to drastically reduce Ifae byproducts formed duzing the melt phase 
polycondensation - such as acetaldehyde - and sinmltaneously increase the intrinsic viscosity. 
5 The viscosity increase is necessary to achieve the desired mechanical properties mthe end 
product. This reaction is performed at tenq)eratures of 180-23(y'C. The procedural step is 
especially cost-intensive because of the need to use pure nilrogra as i»oces3 gas. 

The solid-state polycondensation occurs according to the procedure described 
below. The solid-state reaction was performed in a laboratory glass reactor of the BtlHLER 

10 Co.; in a pulsating fhudized bed. 3 kg amorphous PET peUets were placed 

preheated to ISO^'C. The volume flow of the piocess gas (nitrogen) flowing through the PET 
was of 125 Nm^/h. Approx. 15 nP/h nitrogen were removed fiom the circulation through a 
removal loop and replaced with network nitrogen. The crystallizodon and drying of the PET 
was performed at 170*^C over a period of 2.5 h following the addition of the amorphous PET 

15 peUets. The solid-state reaction occurred next over a period of 6 h, at a temperature of 210''C 
and at the parameters m^xdoned (volume flow, amount r^noved). 50 g sanqples were taken at 
regular intervals and without afEbcting the process parameters. 
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Table 2 below shows the values of intrinsic viscosity obtained during the solid state 
polycondensation of polyesters with various catalyst systoos. 

S Tab. 2 SSP rate as a fiinctionofthe catalyst system 







OOJT IliXlC \UJ 




1 (Coavarison 


260ppmSb 


0 


0 


example) 












2 


0.058 






4 


0.116 






7 


0.173 


2 (Ddqilementation 


200 ppm Sb/ 50 ppm HT/ 


0 


0 


exan^le) 


lOOppmP-EPQ 






- 




1.75 


0.061 






3 


0.112 






4.75 


0.163 






6 


0.202 


3 (]xD|3lanentation 


260 ppm Sb/ 25 ppm HT/ 


0 


0 


example) 


150ppmP-EPQ 










1.75 


0.079 






3 


0.125 






4.75 


0.166 






6 


0Ji04 


4 (In^>lementEition 


260 ppm Sb/ 50 ppmHT/ 


0 


0 


example 


lOOppmP-EPQ 










1.75 


0.068 






3 


0.115 






4.75 


0.18 






6 


0Jil5 



Table 2 illustrates the significant eSfect of the catalyst ssrstem according to the invention on 
the reaction rate in solid-state polycondensation. 
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PAlWr CLAIMS 

1. Catalyst systems for the sfynthesis of polyesters, for instance for tbe manufacture of 
polyethylene terephthalate and its copolyesters, consisting of 

a) an antimony , germanium or titanium conq;)onnd 

b) a heterogeneous catalyst and 

c) optionally a stabilizer. 

2. Catalyst systems for polycondensadon reactions according to daim 1 » characterizedbiy die 

antimony or germanium compoimd used being antimony acetate, antimony oxide, 
antimony giycolate, germanium oxide or tetcabutyl titanate. 

3. Catalyst systems for polycondensation reactions according to claim 1, characterized by 
liie heterogeneous catalyst used bdng hydrotalcites of general formula [M(II)i. 
^(fflXCOH^J^CA*^ xJ*m HjO, in which M(n) are divalent metals, in particular 
magnesium , :dnc , nickel , copper, iron(n) or cobait(Ii); M(iu) are trivalent mOTis, for 
instance aluminum or ironCm) and A are anions, for instance carbonate, borate or titanyl 
conipounds. 

4. Catalyst systems for polycondensation reactions according to daim 1 , characterized iyy the 
stabilizers used being esters of phoqdioric add or of phosphorous or phosphonic adds. 

5. Catalyst systems for polycondensation reactions according to claim 1 , characterized by 
Tifijfig 50-1000 ppm antunony or gennanium compound, 1-100 ppm heterogeneous catalyst 
and S-500 ppm stabilizer. 

6. Catalyst systems for polycondensation reactions according to claim 1, charactmzed by the 
het e rogeaeous catalyst fiaction having a partide size of SO — 100 nm. 

7. Catalyst systems for polycondensation reactions according to claim 1, diaracterized by the 
ratio of homogeneous to heterogesxeoos catalyst fiactions bdiig of 100:1 to 1:5. 
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8, Catalyst systems fer polycondensation reactions according to claim 7, diaracterized by the 

ratio of homogeaeous to hetax)geneous catalyst finadions being of 80:1 to 5:1. 

9. Utilization of polyethylene terephthalate produced according to the claims above 
5 for the manu&cture of bottles> sheets and fibers. 

10 
15 
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